Synopsis

INTRODUCTION
Cellulose ethers have been used in various fields and their properties are known to depend on degrees of substitution (DS), distribution of sub stituents, molecular weights and so on. Thus, the distribution of substituents in cellulose ethers have been one of important subjects in cellulose chemis try. Studies on the distribution of substituents in partially substituted cellulose ethers prepared from alkalicellulose (aqueous system) revealed that the relative rate-constant of HO-2 was higher than that of HO-3 and the former was comparable to, and in some cases higher than, that of the primary hydroxyl group, HO-61)-8). The higher reactivity of HO-2 than that of HO-3 observed for etherifications of both cellulose and its model compounds9)-14 ) has been assumed to be due to the higher acidity of HO-2 enhanced by its proximity of the anomeric center, C-1 15). How ever, the reason for occasional observations of the higher reactivity of HO-2 than that of HO-6 has not been explained clearly yet 15) Recently, many kinds of non-aqueous cellulose solvents have been found 16), and these findings made it possible to prepare cellulose derivatives in cellulose solutions 17)-19). The authors suc ceeded also in the preparation of many kinds of tri-O-substituted cellulose ethers by the use of a non-aqueous cellulose solvent (SO2-diethylaminedimethylsulfoxide) 20)21) and some chemical and physical characteristics of these new cellulose derivatives were reported 21).
In this work, the distribution of substituents in several kinds of partially substituted cellulose ethers prepared by the use of aqueous and non aqueous systems was estimated by modern analyti cal techniques. The relative reactivities of three hydroxyl groups in anhydroglucose units of cellulose were discussed from a point of the effect of reaction media.
EXPERIMENTAL
Materials
Avicel (Asahi Chemical Ind. Co. Ltd., DPv=250) was used as a cellulose sample. Commercia methylcellulose (Wako Chemical Ind. Co. Ltd., DS=1.6) and commercial carboxymethylcellulose sodium salt (Sunrose; Sanyo-Kokusaku Pulp Co. Ltd., DS=1.4 and 1.8) were used as samples of cellulose ethers prepared in aqueous alkalicellulose systems.
Preparation of cellulose ethers
Cellulose/SO2-diethylamine (DEA)-dimethylsulfoxide (DMSO) solutions were prepared as described in the previous paper 20) 21 A S02-DEA-DMSO system was used as a medium. Table 3 Distribution of carboxymethyl groups in carboxymethylcelluloses. a) Relative rate constants of etherification at HO-2, HO-3 and HO-6, calculated by the use of the following equations; k2:k3:k6=-ln(1-X2):-ln(1-X3):-ln(1-X6). The results are shown in Table 4 . It is noticeable that in benzylation of alkalicellulose . (BC-1), the reactivity of HO-6 is the highest, but the difference in the reactivities of hydroxyl groups is rather small. Furthermore, the order of the reactivities in the aqueous system was the same as that in the non-aqueous system, The steric effect of a benzyl group as compared with methyl and carboxymethyl groups may cause the highest reactivity of HO-6 even in the aqueous system on the analogy Also the benzylation of aqueous alkalicellulose was found to proceed more homogeneously than that in the non-aqueous cellulose solution (Table 4) .
3-2. Reactivities of hydroxyl groups in non aqueous system
Studies on the distribution of substituents in partially substituted cellulose ethers prepared in the non-aqueous system revealed that reactivities of hydroxyl groups were generally HO-6 > HO-2 HO-3, and that the differences in reactivities of hydroxyl groups are much smaller than those in the aqueous systems. The highest reactivity of HO-6 may be due to sterical preference to etherifications, and the acidity of HO-3 was almost equal to that of HO-2 in the non-aqueous cellulose solution system. That is, the acidity of HO-2 has been assumed to be higher because of its proximity to the anomeric centerls)
However, if such an explanation is true, the difference among reactivity of HO-2 and HO-3 would be much higher in the non-aqueous system, too.
In addition to acidities, therefore, factors such as electrostatic, steric, solvating, hydrogen bonding and other effects may be expected to cause the difference among reactivities of hydroxyl groups in aqueous system.
CONCLUSION
Etherifications of cellulose in aqueous (heterogeneous) and non-aqueous (homogeneous) systems showed different characteristics as follows: 1) Etherifications in the aqueous systems proceed more homogeneously than those in the non aqueous system.
2) The reactivity orders of three hydroxyl groups in cellulose generally are HO-2 > HO-6 > HO-3 in the aqueous systems and HO-6 > HO-2 HO-3 in the non-aqueous system.
3) The differences among the reactivities of hydroxyl groups in the non-aqueous system are much smaller than those in the aqueous systems.
